INTRODUCTION
Appearance is one of patients' main concerns during orthodontic treatment. There is a growing demand for esthetic appliances, but most fixed orthodontic appliance components are metallic and silver in color. 1 This problem has been partially solved by the introduction of esthetic brackets made of ceramic or composite, which are becoming more popular. 2 However, most archwires are still made of metal such as stainless steel and nickel-titanium. A number of alternatives have been explored to create an esthetic archwire that would allow efficient orthodontic treatment from the labial aspect. 3 Metallic archwires coated with tooth-colored polymers or inorganic materials and fiber-reinforced composite wires are currently the existing solutions to this esthetic problem. 4 Materials used in archwire coatings are plastic resin materials such as synthetic fluorine-containing resin or epoxy resin composed mainly of polytetrafluoroethylyene to simulate tooth color. 5 However, some authors have suggested that the color of coated archwires tends to change over time and that the coating splits during use in the mouth, exposing the underlying metal. 1, 6, 7 Like other esthetic orthodontic products, there are internal and external causes for the discoloration of esthetic archwires. External discoloration can be caused by food dyes and colored mouth rinses. The type of coating material and its surface roughness play decisive roles in the extent of the discoloration caused by diverse substances. The amount of color change can be influenced by a number of factors, including oral hygiene and water absorption. Fluorescence is an optical property inherent in the natural tooth when irradiated by ultraviolet light. 9 Anterior tooth restorations that do not present this property become dark when submitted to ultraviolet light, whether from daylight or in rooms with black light, resulting in esthetic disharmony. An ideal esthetic archwire should present fluorescence similar to that of human teeth.
No studies have been conducted to examine the color stability of these esthetic archwires in different time periods and their fluorescence. Therefore, this in vitro study was undertaken to analyze the fluorescence of coated archwires and fiber-reinforced composite wires and their color stability after exposure to common staining solution for 7, 14, and 21 days.
MATERIALS AND METHODS
In this study, six brands of esthetic archwires were assessed. Based on the results of a pilot study, a sample size calculation showed that at least three specimens would be enough to detect a 10% difference with a significance level of 5% and a test power of 0.85. The brands, cross section size, composition, and coating surfaces are shown in Table 1 , as described by the manufacturers.
Five samples of each brand were prepared. Each sample was made by placing 10-mm-long wire segments together and uniting their juxtaposed ends with ethyl cyanoacrylate (SuperBonder, Loctite Company, Sã o Paulo, SP, Brazil). The esthetic coating surface of every wire segment was facing the same direction, and the total width of each sample had to be at least 7 mm so that its color could be properly measured.
Staining Solution Preparation
A staining coffee solution was prepared by pouring 500 mL of boiled distilled water over 15 g of coffee powder (Melitta Classic, Mellita, Sã o Paulo, SP, Brazil). The solution was stirred every 30 minutes for 10 seconds until it cooled down to 37uC and then filtered through a paper filter (Melitta). This liquid mixture was then poured into a pot and kept in an incubator during the entire experiment. The solution was freshened once every 7 days. In addition, to reduce the precipitation of particles, the mixture was stirred once a day for 1 minute.
Color Measurements
Before the specimens were immersed into the solution, they were stored in distilled water at 37uC for 24 hours. After 24 hours of immersion (T 0 ), the color of each sample was measured using the spectrophotometer VITA Easyshade Compact (VITA Zahnfabrik, Bad Sä ckingen, Germany, Model DEA-SYC220). After the first measurement (T 0 ), the samples were placed in a container with the prepared staining coffee solution. Color measurements were repeated after 7 days (T 1 ), 14 days (T 2 ), and 21 days (T 3 ) of immersion in the solution.
Before each measurement, samples were removed from the solution and rinsed with distilled water in an ultrasonic cleaning bath (Cristó foli Ltda, Campo Mourã o, PR, Brazil) for 5 minutes. Excess water on the surfaces was removed with tissue papers, and the samples were allowed to dry.
Prior to performing the measurements, the spectrophotometer was calibrated according to the manufacturer's instructions. Five measurements of each of the five samples of each brand were made. The average value of these five readings of each sample was recorded by the examiner. Color changes were characterized using the Commission Internationale de I'Eclairage L*a*b* color space (CIE L*a*b*). 10 Because visual color assessment is subjective, the color systems are quantitative systems with rectangular coordinates that allow an objective color measurement. These systems represent adequately the visual perception of color differences. Total color differences are expressed by the formula
, where DL*, Da*, and Db* are differences in L*, a*, and b* values before (T 0 ) and after immersion at each time interval (T 1 , T 2 , T 3 ).
To relate the amount of color change (DE*) to a clinical environment, the data were converted to National Bureau of Standards (NBS) units 11 as follows: Table 2 .
Because the Optis archwire is not coated and has a totally different composition than the other archwires tested, and because it showed the most staining, with a color change nearly twice as pronounced as that of the most stained coated archwire, it was investigated further. One archwire as received from the manufacturer and another archwire cut with a wire cutter 10 mm from its extremities were submitted to 21 days of immersion in the staining solution, as previously described. These samples were observed on a stereoscope, and one as-received sample and one cut tip were observed on a scanning electron microscope.
Fluorescence Assessment
The samples were randomly arranged in a dark atmosphere devoid of natural light. One fluorescent black lamp (G-Light, 40 W, 127 V, 60 Hz) was positioned 30 cm above the samples. To observe the fluorescence, each specimen was placed on the labial surface of a bovine incisor and surrounded by enamel for better visualization. A bovine central incisor was used because the specimens' dimensions were larger than those of a human incisor crown and because a bovine central incisor gives the same fluorescence as a human teeth. 9 Two observers independently classified the samples according to fluorescence levels (high, medium, and low).
Statistics
After the DE* values were calculated with the described formula, descriptive statistical analyses were applied to each group at all times, and analysis of variance and Tukey's post hoc test were used to verify differences in color between groups and between times. Values were designated as statistically significant at P , .05. All statistical analyses were performed with SPSS software (16.0 version, SPSS Inc, Chicago, Ill). Table 3 shows the total color difference (DE*) of the esthetic archwires after 7 days, 14 days, and 21 days of immersion in the staining solution and intragroup and intergroup comparisons according to Tukey's post hoc test.
RESULTS
To relate the amount of color change (DE*) recorded by the spectrophotometer to the clinical environment, the data were converted into NBS units. The results of this conversion are shown in Table 4 , and described in terms of the NBS-defined color differences.
All brands showed staining after 7 days, but at different intensities. Clinically apparent staining occurred in all brands after 21 days, except in Tooth Tone Plastic Coated (Ortho Organizers) and the Coated wire NiTi (Trianeiro).
The Optis archwires (TP Orthodontics) that were immersed in the staining solution-both as received from the manufacturer and the one that was cut-both showed internal discoloration up to 3.8 mm and 1.9 mm from the wire ends, respectively. However, the intensity of staining of the archwire that had its extremities cut was greater (Figure 1) .
The Optis archwire was the only one to present high fluorescence. The other archwires assessed were considered to present low fluorescence.
DISCUSSION
In addition to the color differences initially observed between the different existing esthetic archwires, the color stability of coated archwires during orthodontic treatment is also clinically important. In the current study, the color stability of these archwires could be reliably evaluated. Ideally, the color of esthetic archwires should match that of natural teeth and esthetic brackets. However, the colors of natural teeth vary according to the color measurement protocols used and also by race, gender, and age. 13, 14 Generally, values in the range of one unit are considered exact color matches because they cannot be identified by independent observers. 15 Since instrumental measurements eliminate the subjective interpretation of visual color comparison, spectrophotometers are used instead of visual evaluation.
Color changes were characterized using the CIE L*a*b* color space. The CIE L*a*b* color space is currently one of the most popular and widely used systems of color measurement, and it is well suited for the determination of small color differences.
Many authors 12, [16] [17] [18] have used DE* values to evaluate the ''perceptibility'' of color differences. However, it is noteworthy that the criteria for perceptibility adopted by each author were different. To counter such differences and disagreements in the criteria used, the NBS rating system is frequently used to determine the degree of color difference, since it offers absolute criteria by which DE* values can be converted to definitions with clinical significance. 11, 12 Some studies 12, 17, 19 concluded that coffee was the most chromogenic agent in comparison with other staining substances, such as tea and cola drinks. For this reason, a coffee solution was used in this study to evaluate the effect of staining.
In the present study, the color changes of Optis (TP) (composite) and Tecnident (nickel-titanium) archwires intensified with a longer immersion period, while the Orthometric (nickel-titanium), Aesthetic Shiny Bright (TP) (stainless steel), and Trianeiro (nickel-titanium) wires showed a significant color change between 7 and 14 days and were stable thereafter (Table 3) . When NBS values were evaluated after the 3-week immersion period, ''extremely marked change'' was observed in Optis archwires and ''perceivable change'' was seen in the Ortho Organizers (chromium-nickel) and Trianeiro archwires (Table 4) .
Arthur et al. 20 suggested that changes in the optical properties within a polymer could be responsible for the color changes seen clinically. They stated that chemical discoloration was caused by the oxidation of unreacted double bonds in the matrix of the polymer and the subsequent formation of degradation products from water diffusion or the oxidation of the polymer. This could explain the staining behavior of coated archwires over time.
The fiber-reinforced composite wires (Optis) showed the lowest color stability at all evaluation periods. This could be explained by the difference in its composition vs the other wires evaluated. The cutting action performed on the Optis archwire for the setting up of the samples created cracks on the surface of the polymer and exposed the glass fibers, allowing the penetration of dyes into its internal matrix (Figure 2 ). In this study, both the Optis archwire immersed in the staining solution as received from the manufacturer and the one cut 10 mm from its extremities showed internal discoloration from the end of the archwire for less than 4 mm. This finding may suggest that the tendency to discoloration of Optis archwires occurs from their ends, even when they are not cut, which may be a result of a deficiency in the sealing of the internal fibers from the outside environment (Figure 2) . According to these observations, although Optis archwires showed the lowest color stability of all the wires tested, clinically, this may not be relevant, as the staining is concentrated near the extremities of the archwire and will therefore be limited to the posterior region. Therefore, the color change in this archwire will not be visually detected in the smile as long as it is not used as a segmented archwire in the anterior region. One aspect that must be considered is that the Optis archwire features a round cross section. Therefore, the specimens set out with Optis archwire segments did not present a flat surface, which might have altered the color measurements; this must be considered as a limitation of the study.
The bovine central incisor was used as a reference for high fluorescence, as bovine teeth give the same fluorescence as human teeth. 9 The Optis archwire was the only one that presented a high fluorescence. The different composition and translucency of this archwire may be responsible for this difference, which gave it a unique esthetic characteristic and may add to its final appearance. The optical properties of esthetic archwires available may not yet be ideal. More studies are needed to improve these characteristics. In the future, this aspect should be taken into account by the manufacturers.
CONCLUSIONS
N All the esthetic archwires assessed showed noticeable color change after 21 days. N The Optis archwire showed the most pronounced color alteration, although staining was observed only near its ends. The Trianeiro and Ortho Organizers archwires presented less color change. N Only the Optis archwire presented fluorescence resembling that of bovine teeth. The coated archwires presented low fluorescence.
